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CLAIMS 

1 . A plating apparatus of a wafer characterized by 
comprising a plating processing system comprised of 
plating means and pre/post-processing means 
arranged in parallel, a conveyor mechanism for 
successively conveying wafers to the means of the 
plating processing system for various processing, a 
loading mechanism for taking out wafers from 
cartridges and transferring them to said conveyor 
mechanism, an unloading mechanism for receiving 
wafers from said conveyor mechanism and storing 
them in other cartridges, and a control means for 
controlling the operations of the above means and 
mechanisms; said plating means being comprised of 
a laterally oriented cylindrical tank opened at one 
side and closed by an anode plate at the other side; a 
wafer carrier holding a wafer by suction being 
pressed against the open side to load said wafer into 
said opening, whereby the circumference of the wafer 
is surrounded by the insulating tank body forming 
said cylindrical tank and the open side is made water- 
tight by the wafer carrier. 



DETAILED DESCRIPTION OF INVENTION 

tu *. : 4-: 1 _ .» x_ _ . i . • 

apparatus of a wafer . 

" _The„soIder_,electrod es~„gold electrodes,. and 

other projecting electrodes of semiconductor chips 
generally, as shown in FIG. 1 , comprised of an 
aluminum interconnect 1, a silicon nitride or other 
protective film 2 having a through hole at the bottom 
of the electrode, a copper vapor deposited film or 
other electrode underlayer film 3, and a solder, gold, 
or other electrode body 4. One of the methods of 
forming the solder, gold, etc. of the electrode body is 
the method of using electroplating. That is, copper or 
another metal forming the electrode underlayer film 
is vapor deposited on the entire wafer, an ordinary 
photo process is used to form a photoresist pattern, 
then the vapor deposited film is used as a conductor 
to form solder, gold, or other electrode bodies by 
electroplating, then the subsequently unnecessary 
photoresist and parts of the vapor deposited film 
other than under the electrodes are removed. 

The above electroplating has convention- 
ally been performed, as shown in FIG. 2, by placing a 
wafer fixing fixture 6 having one or more wafers 5 
fixed on it into a box-shaped plating tank 7, making it 
face a flat plate anode 8, then applying.^ minus 
voltage to the wafer 5 and a plus voltage to the anode 
8 by a DC power supply 9. The plating solution 10 is 
passed through a filter 12 and circul-ated by a pump 
1 1 attached to the plating tank 7. 

In this electroplating method, all of the 
steps of removal of a wafer from a wafer carrier, 
setting of the wafer on the wafer fixing fixture, 
pickling or other plating pre-treatment, plating, cold 
water washing and other post-processing, drying, and 
storage of the wafer in a wafer carrier had to be 
performed manually. This was inefficient, required 
much labor, and became a main factor raising the 
cost of forming projecting electrodes. 

Further, if performing plating by a box- 
shaped plating tank as shown in FIG. 2, due to the 
edge effect unique to electroplating, a large amount 
of current concentrates at the circumference of the 
wafer, so the electrodes at the circumference were 
formed larger than at the wafer center, the 
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dimensional accuracy of the projecting electrodes 
fell, and the connection reliability was reduced. 

An object of the presention invention is to 
provide a plating apparatus of a wafer eliminating the 
above defects of the prior art, improving the 
efficiency of formation of projecting electrodes and 
saving labor so as: to reduce the cost of forming 
electrodes, and improving the dimensional accuracy 
of the electrodes. 

The plating apparatus of a wafer according 
to the present invention is characterized by 
comprising a plating processing system comprised of 
plating means and pre/post-processing means 
arranged in parallel, a conveyor mechanism for 
successively conveying wafers to the means of the 
plating processing system for various processing, a 
loading mechanism for taking out wafers from 
cartridges and transferring them to said conveyor 
mechanism, an unloading mechanism for receiving 
wafers from said conveyor mechanism and storing 
them in other cartridges, and a control means for 
controlling the operations of the above means and 
mechanisms; said plating means being comprised of 
a laterally oriented cylindrical tank opened at one 
side and closed by an anode plate at the other side; a 
wafer carrier holding a wafer by suction being 
pressed against the open side to load said wafer into 
said opening, whereby the circumference of the wafer 
is surrounded by the insulating tank body forming 
said cylindrical tank and the open side is made water- 
tight by the wafer carrier. 

According to this configuration, the plating 
process can be automated and labor saved and the 
variation among lots can be reduced by control of the 
plating time etc. by the control device. 

Further, the projecting electrodes being 
formed high at the wafer circumference area and low 
at the center is due to the concentration of current at 
the wafer circumference. Therefore, in the apparatus 
of the present invention, this problem is solved as 
explained above by using a cylindrically shaped 
plating tank and surrounding the wafer circumference 
by its insulating walls to prevent the current from 
sneaking around to the circumference. 

In a preferable embodiment of the plating 
apparatus of the present invention, the loading 
mechanism, conveying means, and unloading 
mechanism are configured as follows: 

(a) The loading apparatus is comprised of a 
loading conveying means for taking out wafers one 
by one from a cartridge storing wafers stacked in the 
vertical direction and conveying them to positioning 
means, means for positioning the wafers sent from 
the conveying means, and a loading handler for 
holding the positioned wafers by suction, changing 
the orientation of the wafers from a horizontal 

5 

rotating by a motor 105. Due to this, the wafer 1 3 is 



position to a vertical position, and 4 
transferring them to the conveyor mechanism. 

(b) The conveyor mechanism is comprised 
of rails and a wafer carrier attached to a cart running 
on said rails, having a vacuum neans, receiving a 
wafer from said loading handler by said vacuum 
means, advancing and retracting toward the means of 
said plating processing system, allowing various 
processing to be performed in that interval, and 
transferring the wafer to a later mentioned unloading 
handler. (c) The 

unloading mechanism is comprised of an unloading 
handler receiving a wafer from said wafer carrier, 
changing the orientation of said wafer from the 
vertical position to horizontal position, and 
transferring it to an unloading conveying means and 
an unloading conveying means for conveying the_ _ 
= wafer fromthe^handler toa = cartridge.—— — == 

In a more preferable embodiment of the 
plating apparatus of the present invention, the anode 
plate closing one side of said laterally oriented 
cylindrical tank has a lead wire. Further, the wall of 
the cylinder is provided with a lead wire using the 
wafer as a cathode. Further, a plating solution supply 
pipe and discharge pipe are opened there. 

In another more preferable embodiment of 
the plating apparatus of the present invention, the 
plating solution supply pipe and discharge pipe of 
said plating means can be switched to washing water 
to enable the wafer to be washed in the plating 
means. 

Next, an embodiment of the apparatus of 
the present invention will be explained based on the 
drawings. FIG. 3 is a schematic view of the 
configuration of an embodiment of the apparatus of 
the present invention (plan view). 

This apparatus is comprised of a plating 
processing system 300 comprised of a pre- 
processing tank 30 K cold water washing tank 302, 
plating tank 303. hot water washing tank 304, and 
drying nozzle 310; a conveyor mechanism 200 for 
successively conveying the wafer 1 3 to these means 
for performing various processing; a loading 
mechanism 100 for taking out the wafer 1 3 from the 
cartridge 1 20 and transferring it to the conveyor 
mechanism 200; an unloading mechanism 400 for 
receiving the wafer 1 3 from the conveyor mechanism 
200 and storing it in another cartridge 120; and a not 
shown control means. 

Next, first, the loading mechanism 100 will 
be explained with reference to FIG. 3 (plan view) 
and FIG. 4 (longitudinal sectional view). A cartridge 
120 storing wafers 13 finished in the photo process 
stacked in the vertical direction is held by a holder 
1 03. The holder 1 03 moves up and down by a rack 
104 attached to this engaging with a gear 1 06 

conveyed by a belt conveyor (loading conveying 
means) 101 driven by a motor 107 and conveyed to a 
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positioning device 102. At the positioning device 
102, the wafer 13 is conveyed to positioning rollers 
109 by air blown from nozzles 108 provided in a 
table 117. Three of the rollers 109 are provided. 
They are arranged so as to be contiguous with the 
outer circumference of the wafer 1 3 and so that the 
center distance of the two end rollers 109 becomes 
smaller than the length of an orientation flat of the 
wafei;- 1 3 . By making the three rollers 1 09 rotate in 
the same direction by the motor 1 1 0, the wafer 1 3 
rotates and the orientation flat stops at a position 
contiguous to the two end rollers 109, whereby 
positioning is completed. 

Next, the wafer 13 is held by suction by the 
handler 1 1 9, is changed in orientation from the 
horizontal position to the vertical position, and is 
transferred to the conveyor mechanism 200. The 
handler 1 1 9 is comprised of a column 111, an arm 
able to rock about the column 1 1 1 by a motor 1 1 4 
and gear 1 1 5 attached to the column 1 1 1 , an arm 
1 1 2b able to rise up by a motor 1 16 attached to the 
front end of the arm 1 1 2a, and a suction holding plate 
1 1 3 attached to the front end of the arm 1 1 2b, able to 
be advanced and retracted by a cylinder 1 1 8, and 
connected to a vacuum source so as to hold a wafer 
13 by vacuum suction. 

At the time of holding the wafer 1 3 by 
suction, the arm 1 1 2a is moved in the direction of the 
positioning device 1 02 and the suction holding plate 
1 1 3 is lowered to the wafer 1 3 by the cylinder 1 1 8. 
Suitably thereafter, the wafer 13 is held by vacuum 
suction, the suction holding plate 1 1 3 is raised by the 
cylinder 1 1 8, and the motor 1 1 4 is rotated to rock the 
arm 1 12a in the direction of the conveyor mechanism 
200. Next, the motor 1 16 is used to make the arm 
1 1 2b rise to be on the same line as the arm 112a and 
change the surface of the suction holding plate 1 1 3 in 
orientation from the horizontal direction to the 
vertical direction. 

Next, the conveyor mechanism 200 will be 
explained based on FIG. 3 (plan view) and FIG. 5 
(sectional view). The conveyor mechanism 200 is 
comprised of a wafer carrier 209, a cart 20 1 , rails 
202, etc. The cart 20 1 is made able to run on the rails 
202 by wheels 203. Further, the cart 20 1 runs by 
a gear 205 driven by a motor 203 mounted on 
the cart 201 engaging with a rack 206 laid along 
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the rail 202. The motor 204 is a pulse motor and 
can stop at a predetermined position by counting the 
number of pulses. The stopping position of the cart 
201 can also determined not by the pulse motor, but 
by using a limit switch, light receiving element, 
linear encoder, etc. The cart 201 has an air cylinder 
207 mounted on it. The front end of a shaft 208 of the 
air cylinder 207 has a wafer carrier 209 attached to 
it. The wafer carrier 209 can move in a direction 
vertical to the rails 202 by the cylinder 207. Further, 
the wafer carrier 209 is provided with not shown 
vacuum suction holding grooves and holes and holds 
the wafer 1 3 by vacuum suction. 

When the cart 20 1 stops at the position of 
the loading handler 1 1 9, the wafer carrier 209 is 
advanced to receive the wafer 1 3. then the wafer 
carrier-209 is retracted to move the cart^2Q hon the - 
rails 202. Further, when stopping at the positions of 
the pre-processing tank 20 1 . cold water washing tank 
302, plating tank 303. hot water washing tank 304, 
and drying nozzle 3 10 of the plating processing 
system 300 arranged along the rails 202, the wafer 
carrier 209 is advanced to and retracted from these 
for performing the various processing on the wafer 
13. Finally, the wafer 1 3 is transferred to the handler 
402 at the position of the unloading handler 402. 

Next, the unloading mechanism 400 will be 
explained with reference to FIG. 3 and FIG. 9 
(longitudinal sectional view). As will be clear from 
the drawings, other than the elimination of the 
positioning device 102 from the loading mechanism 
100, the unloading mechanism is completely the 
same except that the feed operation of the wafer 1 3 is 
reverse. That is, in the unloading mechanism 400. the 
unloading handler 419 receives a wafer 1 3 from the 
wafer earner 209. changes the orientation of the 
wafer 1 3 from the vertical position to the horizontal 
direction, transfers the wafer 1 3 to the belt conveyor 
401 , and stores it in another cartridge 120. The 
devices and operations of the reference numerals in 
FIG. 9 become the same as the devices and 
operations of the reference numerals in FIG. 4 if 
changing the 400 series reference numerals to the 
100 series. 

Next, the plating processing system 300 
will be explained in further detail based on FIG. 3. 
The plating processing system 300 is comprised of 
the pre-processing tank 301, cold water washing tank 
302, plating tank 303, hot water washing tank 304, 
and drying nozzle 3 1 0. 
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The pre-processing solution and the plating 
solution stored respectively in the pre-processing 
storage tank 301 and the plating storage tank 308 are 
supplied by the pump 306 to the pre-processing tank 
301 and the plating tank 303 and then are passed 
through the filter 305 toward the tanks to return them 
to the storage tanks. The flow rate is adjusted by the 
valve 309. 

The cold water washing water is supplied to 
the cold water washing tank 302 from a water source 
3 1 3 and is flushed out from the cold water washing 
tank 302 to a drain 314. Warm water is supplied to 
the hot water washing tank 304 from a warm water 
storage tank 3 15 by the pump 306 and flushed out 
from the^hot-water washing tank-3044o^the drain 
314. The hot water washing may also be made cold 
water washing depending on the plating 
specifications. 

The drying nozzle 3 10 is supplied with air 
stored in an air storage tank 3 1 2 heated by a heater 
3 1 1 to hot air. This is blown out toward the wafer 1 3 
whereby the wafer 1 3 is dried. 

Next, the plating tank 303 will be explained 
based on FIG. 6 and FIG. 7. The tank body 351 is 
formed at its center with a laterally oriented 
cylindrical hole 352 of substantially the same 
diameter of the wafer 1 3 to be plated. One side of the 
tank body 351 is closed by an anode mounting plate 
357. An anode plate 358 of the same diameter as the 
wafer having the current carrying lead wire 359 is 
fixed to its inside surface. The anode mounting plate 
357 and tank body 35 1 are fixed by screwing or other 
means. The tank body 35 1 is provided with a 
terminal 360 for supplying current to the wafer. This 
current carrying lead wire 361 is lead outside of the 
tank. The wafer 1 3 is advanced and retracted by an 
air cylinder (the shaft 208 of which is illustrated) in 
the state held at the wafer carrier 209 by vacuum 
suction. The wafer carrier 209 presses against the 
tank body 351, whereby the wafer 1 3 is press-fit into 
the cylindrical hole 352. The tank body 351 and the 
wafer carrier 209 are made water-tight by the above 
pressing force and an O-ring 362 . The cylindrical 
walls are formed with a pair of holes 353 and 354 
opening to facing each other. These are connected to 
a plating solution supply pipe 355 and discharge pipe 
356. 

A wafer carrier 209 holding a wafer 1 3 by 
suction is pressed against the tank body 351. then the 
pump 306 is operated to circulate the plating solution 
and current is supplied between the lead wires 359 
and 361 for the plating. After the end of the plating, 
the supply of power and pump 306 are stopped, the 
plating solution in the plating tank is removed using 
gravity or another means, then the wafer carrier 209 
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is pulled out of the tank body 351. 

The pre-processing tank 301, cold water 
washing tank 302, and hot water washing tank 304 
are generally the same as the plating tank 303 except 
that they carry a pre-processing solution, cold water, 
and hot water instead of the plating solution and that 
they have no electrodes and do not carry current and 
perform pre-treatment, cold water washing, and hot 
water washing. 

Further, as shown by the piping system of 
FIG. 8, the plating tank 303 can be made to perform 
the function of the hot water washing tank 304. That 
is, by connecting the supply pipe 355 and discharge 
pipe 356 to the plating solution circulation system 
- -through switching valves-3 19 and 320 -(see-FIG-3i=- 
where 3 16 is a flow meter) and switching the switch 
valves 3 1 9 and 320, it is possible to connect them to 
the hot water washing pipes 3 1 7 and 3 1 8 and 
perform hot water washing in the plating tank 303. 
Similarly, it is possible to make the pre-processing 
tank 301 doubly perform the function of the cold 
water washing tank 302. 

In FIG. 3, the example is shown of one each 
of the plating tank and pre-processing tank being 
provided, but sometimes two or more plating tanks 
and pre-treatment tanks become necessary depending 
on the type of the plating. In this case , one to three 
cold water washing tanks are always provided 
between the tanks. 

Finally, this plating apparatus, while not 
shown, is provided with means for controlling the 
operations of the above mechanisms and means. 

Next, an explanation will be given of the 
main conditions etc. in an embodiment of forming 
gold projecting electrodes on a 3 -inch wafer by 
plating using an apparatus of the above embodi- 
ment. The plating conditions are a current of 30 mA, 
a plating time of 60 minutes, a plating solution 
temperature of 65EC, an average flow rate of the 
plating solution of 2 liters/min, and use of a plating 
solution comprised mainly of gold potassium cyanate. 
Due to this, projecting electrodes of dia-meters of 
140 Om are formed and the variation in height is 
kept to an extremely good one of V4 Om. Further, 
the pre-processing was performed by flush-ing with 
10% sulfuric acid at an average flow rate of 2 
liters/min. The pre-processing time was 2 min., and 
the solution temperature about 30EC. The cold water 
washing was performed by flushing pure water at a 
flow rate of 5 liters/min for 2 min. 

The time required for taking out, position- 
ing, and storing a wafer was about 10 seconds, while 
the time required for moving, positioning, and 
stopping a cart between the steps was about 30 
seconds. Due to this, the time required for taking out 
a wafer from a cartridge, plating it, and storing it 
again in a cartridge becomes about 65 minutes. 
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Note that by arranging a plurality of the 
plating tanks, pre-processing tanks, etc. vertically 
and horizontally and arranging cylinders and wafer 
earners on carts corresponding to these tanks, it is of 
course possible to perform the plating more 
efficiently. Further, by providing a plurality of the 
cart rails etc. and providing means for returning the 
carts to their original positions, it is possible to 
provide a plurality of carts and further improve the 
efficiency of plating. Further, the arrangement of the 
plating tank etc, and the rails is not limited to the 
straight line as shown in FIG. 3. It is also possible to 
arrange the plating tank etc. at regular intervals on a 
circle and make the rails circular or to arrange them 
on suitable curves. 

By using the apparatus of the present 
invention,- the plat ing pro cess can-be automated and 
labor car i be-sWdTum^incythe plating time " 
etc. are controlled by the control device, the 
variations among lots can be reduced compared with 
control by a worker. Further, by configuring the 
apparatus to use a cylindrically shaped plating tank 
and surround the vicinity of the wafer by the 
insulating tank body, the variation in the height of the 
projecting electrodes in the wafer could be reduced 
from the conventional V30% to V10% 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a sectional view of a 
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projecting electrode part of a semiconductor chip, 
FIG. 2 is a view of the appearance of an example of a 
conventional plating apparatus, FIG. 3 is a schematic 
view of the configuration of an embodiment of an 
apparatus of the present invention (plan view), and 
FIGS. 4 to 9 show-constituent parts of an 
embodiment of an' apparatus of the present invention, 
where FIG. 4 is a longitudinal sectional view of a 
loading mechanism, FIG. 5 is a sectional view of a 
conveyor mechanism, FIG. 6 is a side view of a 
plating tank, FIG. 7 is a sectional view of a plating 
tank, FIG. 8 is a view of the piping system of a 
plating tank, and FIG. 9 is a longitudinal sectional 
view of an unloading mechanism. 

13... wafer, 100... loading mechanism, 
120... cartridge, 101... loading conveying means (belt 
_conyeyor), = L02..„positioning^apparatusrM9=— 
loading handler, 200... conveyor mechanism, 201... 
cart, 202... rail, 209... wafer carrier, 300,.. plating 
processing system, 301... pre-processing tank, 303... 
plating tank, 310... drying nozzle, 351 ... tank body, 
352... cylindrical hole, 358... anode plate, 400... 
unloading mechanism, 401... belt conveyor 
(unloading conveying means), 419... unloading 
handler. 
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